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Given a scene h as seen for instance from a TA'< camera or a 
picture, it ie desired to analyse it Co recognize differentiate 
and identify desired objects ox classes of objects (iris.j patterns) 
in it. 

The present lr-eport describes a program,, written In CONVERT, 
Which partially achieves this, ftoal. Two inputs to the program 
determine lt$ behavior and response: 

1, The. scene, to be analyzed* which is entered in a. 
symbolic format (it may contain 3-d linens ional and 
curved objects), 

2. A symbolic description — called the modEl — of 
the class of the objects we want to Identify in the 
scene (1) r 

Given a set of models of the objects we want to locate,, and a scene 

or picture h the program will identify In it all those objects or 
figures vhich are similar to one of the models, provided thfty appear 
complete in the picture (i T a. t no partial occlusion or hidden parts) , 
Recognition is independent of position, orientation, else etc.; it 
Strongly depends on the topology of the model. 

Important restrictions and suppositions arei (a) the input Is 
assuced perfect — noiseless — and highly organized i (h) more than 
one model is in general required for the description of one object 
and (c) only objects which appear unobstructed are recognized » 

Work is continuing in order to drop restriction (c) and to 
improve (a}. 
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SUMMARY 

The Problem. 

A picture, scene or vitw , is read with the help of an optical 
ievice and a to red as an array of light Intensities In the memory 
of the computer. The ultimate goal will be to understand this 
information, that ia, to identify, separate and position the 
different objects or bodies belonging to the scene {s ) p The 
de&anda of information will vary J sometimes we will be interested 
in knowing i£ object A is seen in the scene or not; while at oth*T 
clues we aay require a complete description of the scene, including 
information, on. relative support and {3-d> position of the different 
components, Hence it is clear that the recognizer will need an 
additional input to Specify the nature of the question that the 
program Is to answer by analyzing the stent* 
The Proposed Solution, 

Pnting the Sumner of 19hh this general problem was attacked 
(1) by a group of people, the so-called Vision Group t with results 
reported here and elsewhere; The work here described is only a 
part of the total effort, as we will see below* We divide the 
system in. two phases i " Preprocessing and ^' recognition 11 * 

Preprocessing - A program (&) sweeps the array containing the scene 

•fid collects s4ts of points satisfying a given predicate, these 
sets art called re-E.i cms ,. and roughly correspond to the different 
faces of the objects. Thus, in Fig. "EXAMPLE", some regions arc 
A T E,C,++ nL„3> It is entirely possible* but it is undesirable, 
that two or more regions will be reported as one, for instance, 
A and B (cf. Fig. "EXAMPLE") could be reported as f j +—3 ; 
similarly * depending on the chosen predicate t the long region D 
could he reported as two shorter onea* if the predicate were "equal 
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brightness", for instance 




TIG. 'EKAMFLE' - A scene. 
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Another pro.gr.aifl not yet debugged will drive the reg ion- f lnd ar t 
gupply lng 'good' predicates; the boundaries will be sorted and 

"smoothed", and the bad regions eliminated, and/or merged, 

(3 4) 
A further preprocessing Is (or will be) then done ' 

interpolating straight lines* segments at curves, etc., until 

finally each region is (or will be) described by a set of properties; 
for instance, in Fig. ' EXAMPLE r , 

Region A will bei 

NEIGHBORS C, B, Z 

CENTER (10, 27.5) 

SHAPE (\ , / , \ , / ) 
Tliis input 1$ the one which the recognizer uses. 



It is understood that finding properly meaningful regions is 
non-trivial and that as thft system develops we expect this part tt> 
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become more involved with feedback from the higher-level recognition 

Model. ~ This is a descr iptton, In 
a particular symbolic format, flf *n 
object x Models represent object 8 
regard less of position, shape, 
orientation, etc, unless specif- 
ically Specified a thai-wise. Tor 
Instance, the model 'PARALLELEPIPED 1 
in figure 'PARALLELEPIPED 1 is 




FIG. 'PARALLELEPIPED 1 , A Model. 



written as: 

((A* (NEIGHBOR B*> 
(NEICH60R C*> 

(SHAPE PARALLELOGRAM)) 

(B* (HElGK&OR A*) 

(NEIGHBOR C*) 

(SHAPE PARALLELOGRAM)) 

(C* (HE1CHB0R A*) 
(NEIGHBOR B*) 
(SHAPE PARALLELOGRAM) ) ) 

A model ia composed of regions ,. with properties inter-relating them, 
Given an ohject, there is a large number of models which correctly 
describe it. 



Recognition . - This report describes the recugtti«er,i Le t , a program 
which, given a. scene ( such as. 1 EXAMPLE! h ) and A model fsucli as 
'PAEALLELl:PIPED , ) b will identify all T parallelepipeds" present in 
1 en Atttp le 2 ' . In this case* parallelepipeds 1 and 3 art found, 
parallelepiped 2 is parially hidden and is not recognized. Both the 
scene and the nod el are in symbolic format. 



v. 



FLG, 1 EXAMPLES'* Three parallelepipeds- 

Restrictions i In this first experimental system we will live 
with the following constraints: 

1. Waiseleaa data is supposed , i.e^, the scene cauat be accurately 
described by its symbolic representation* Also, the set of 

.!■..!->.;/■ assumed is scall, :=£ ih.it wc need not 'J't:v ahovl : r>a( h; 

efficiency in algorithm. 

2 + Whenever a 3-diiaenaional object gives rise to several (2-Jim) 
projections which are topologically different, all these need 
to be presented aa models in order to cover the possible eases* 
Thft recognizer has an OK. feature for tbia effect. For instance, 
Fig. "L 1 has the same object to. four different positions i requiring 
3 ot possibly k models of an r L' to identify all- The exact number 
depftnds on the particular models in question and their "don 't-care 11 
conditions, which may depend on what Other objects in the world 
have to be distinguished. . 

3. Only objects which are totally a*en are recognised + Partially 

e-C&luded or hidden parts or bodies may be present in the picture 
but the occulted objects will not be identified. For instance, 
parallelepiped 2 t& fig. 'ESAMPLEZ 1 uaa not found. Our current 
work will help to reLax thi» last restriction, and also restriction 
(1), The reader unfamiliar with progress in that direction can 
see Kef a. {10) for some earlier work of that kind- 
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The Bane object in four different 
positions, all Of which, differ in 
the topology of its two dimensional 
projection over the plane of the 



k. Ttl the present program we assume orthogonal projections + Later 
we will consider finite perspective. For small visual angles, 
a. simple tolerance should suffice for most cases, but for large 
visual angles we will have to use other methods - 

THE SCEHE 

Informally, a scene (picture) is a collection of reg ions , { pro j ec t ions 

of faces) ; a region, is described by an ordered collection of segments 

[If nee or curves) b and these have several properties. 

A scene ia represented by an ato» which hat under the entry "REGIONS ' 

a Hat of the regions composing it; for Instance (see fig. 'BOTTLES'), 

the atom BOTTLES Lb a acene for which 

(GET (QUOTE BOTTLES) C QUOTE REGIONS)) = (A B C D E F G H I J K L M Z) 

Iti this case the regions of 'bottles' are A,E T ^.. r W r Z. 



A region is an atom which has in its property list the entries NEIGHBOR. 

SHAPE T and possibly others. A region corresponds to a surface or face 

in the ecuih;, except that it ia treated £ -dimensional ly; tre f , in fig. 

'EXAMPLE?', the upper face of the eraser A B C E L is composed C-f 2 
regions, namely B and L* 



NEIGHBOR (L!) (1 and Z are Limitrophe reftiona with M) 

SHAPE E1LIFSE 

At present, the shapes of regions can only be Atc-ms; thia ia a severe 
restrict ion since it may b<: too mucb to require that the preprocessor 
recognize region M (fig. 'BOTTLES') as an ellipse or region A (fig. 
'EXAMPLE 1 ) as a parallelogram ► In the BadeLs ± the shapes are also 
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acorn*. This restriction will be abandoned evemt'ually . hut naw Is 
cbs erved . 

Complete example &f ft Scene. - The scene ' GREEN' (bP-& f*£^ VfKEEK''} 
±b entered into memory as f ollowa : 



(DEFFROP A { 


BCHl) NEIGHBOR) 


{DEFPROP Bl 


(DEFFROP B i 


A C Ml) NEIGHBOR) 


(DEFPROP CI 


(DEFFROF C i 


'A E Ml) NEIGHBOR) 


(DEFFROP Dl 


(DEFFROP t> 1 


J Ml) KEIGHBOR) 


(DEFPROP El 


(DEFPROP E < 


b D Hi) NEIGHBOR) 


{DEFFROP FI 


{DEFPROP F i 


!G 1 J H M1)KEIGH&0R) 


{DEFFROP Gl 


(DEFFROP C 1 


JIB Ml) NEIGHBOR) 


{DEPPROP HI 


(DEFPROP H 


[F G Ml) NEIGHBOR) 


[DEFFROP 11 


(DEFPROP I 


;f g j mi ) neighbor) 


(DEFPROP KL 


(DEFPROP J 


[F I Hi) NEIGHBOR) 


(DEFPROP A 


(DEFFROF K 


JH Ml) NEIGHBOR) 


(DEFFROP B 


(DEFFROF L 


;n m hi) neighbor) 


(DEFFROF C 


(DEFPROP H 


;l h hi) neighbor) 


(DEFFROF D 


{DEFFROF V 


(0 P L H K Ml) NEIGHBOR) 


(DEFFROP E 


(DEFFROF 


[F N Ml) NEIGHBOR) 


(DEFPROP F 


(DEFFROP P 


(N 0) NEIGHBOR) 


(DEFPROP G 


(DEFPPfiP Q 


[STS MDNEIGHEOR) 


(DEFFROP H 


(DEFFROF R 


[Q S Ml) NEIGHBOR) 


(DEFFROP I 


(DEFPROP S 


(OH Ml) NEIGHBOR) 


(DEFFROF J 


(DEFFKOP T 


tq S Ml) NEIGHS) 


(DEFPROP K 


(DEFFROF U 


tV X Bl MDNEIGHBOR) 


(DEFFROP L 


(DEFFROF V 


(Bl U ML) NEIGHBOR) 


(DEFPROP H 


{DEFFROF V 


(X El MI)HEIGHBOR) 


(DEFPROP M 


(DEFPEOP X 


(U WT Bl KI} NEIGHBOR) 


(DEFPROP 


(DEPPROP 2 


fBI Ml) NEIGHBOR) 


(DEFFROP P 


(DEFFROF Al 


(BL HI) NEIGHBOR) 


(rJF.FPROF Q 



(Al V U X H Z) NEIGHBOR) 

(El Fl Gl Dl Ml) NEIGHBOR) 
(CI Fl II Gl Ml) NEIGHBOR) 
(HI CL Fl Dl) NEIGHBOR) 
(CI Dl El) NEIGHBOR) 
(CL Dl HI) NEIGHBOR) 
(II ML) NEIGHBOR) 
{HI KL Hi) NEIGHBOR) 
(II Hi) NEIGHBOR) 
PENTAGON SHAPE) 
PARALLELOGRAM SHAPE) 
FARALLELOGRAM SHAPE) 
{I C I D) SHAPE) 
ELLIFSE SHAPE 
ELE SHAPE) 

PARALLELOGRAM SHAPE) 
PARALLELOGRAM SHAPE) 
PARALLELDGRAM SHAPE) 
PARALLELOGRAM SHAPE) 
SPHERE SHAPE) 
THIANGE SHAPE) 
TRIANGLE SHAPE) 
FUNNY SHAPE) 
PARALLELOGRAM SHAPE) 
PARALLELOGRAM SHAPE) 
FEHTAGON SHAPE) 
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(DEFPROP R PARALLELOGRAM SHAPE) 

(DEFPROP E PARALLELOGRAM SHAPE) 

{DEFPROP T PARALLELOGRAM SHAPE) 

(DEFPROP U PARALLELOGRAM SHAPE) 

(DEFPROP V PARALLELOGRAM SHAFE) 

(DEFPROP U PARALLELOGRAM SHAPE) 

(DEFPROP X PARALLELOGRAM SHAPE) 

(DEFPROP Z TRAPEZIUM SHAPE) 

(DEFPROF Al TRAPEZIUM SHAPE) 



(DEFPROP El CROSS SHAPE) 

(DEFPJtOP CI PENTAGON SHAPE) 

(DEFPROP Dl PEWTAGOH 5HAFE) 

(DEFFROF El FUHHY SHAPE) 

(DEFFROF FL QUADRILATERAL 5HAFE) 

(DEFPROP Gl QUADRrLATERAL SHAPE) 

(DEFPROP Hi (I C I D) SHAPE) 

(DEFPROP II (ELLIPSE INS-IBE ELLIPSE) SHAPE > 

(DEFPROP EL FUITHT SHAPE) 



THE MODEL 

A model is an atom which contains in its property list, under the 
entry 'REGIONS', a list of the following form: 

a) the 1st. element of such a list Is an atom, the flame of the region 

ds fat as the model Is concerned 

b) each of the remaining elements of auch a list 1* a. property; 

Specifically, la either a list (HEIGHEOR . ») 

or a list (SHAPE..) 
— more properties will be used vhsn objects start getting moire 
complicated — 
Example: The model 'HOUSE' (aee fi&. 'HOUSE') Is written in this way: 



HOUSE 



(in Ics property list, we findj) 

REGIONS ((A* (NEIGHBOR 6*) (HEIGHEOR C*) (SHAPE PEHTAGOH) 

(B* (NEIGHBOR A*} (NKKMIHOK L*) (SHAPE PARALLELOGRAM) 

(C* (NEIGHBOR A*) {HEIGHEOR B*) (SHAPE PARALLELOGRAM)) ) 
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FIG* 1 HOUSE' ♦ - A model. 

What this list means is that HOUSE Is composed of three regions, 
namely A*j B* and C*j and that A* ie neighbor of B* and C*. etc < 
More over,, it says the shapes of A* (pectsgon) , B* (parallelogrtw) 
and C* (parallelogram) , Additional properties could be inserted here* 
The names A*, B+, etc, given to the different faces, have tw> import- 
ance, they act as dummy variables {UAR or 'undtf intd 1 variables in 
CONVERT f7 *>; the names Such as PARALLELOGRAM, PEHTAGOH etc*, given 
to the shapes* are crucial > since they are going to be compared by 
equality with the corresponding names in the property list of the 
regions of the scene. 

Note that the models we are using are not "categorical" - they don't 
e&n tain enough information (usually 3 to reconstruct the object ■ 

Example ,- PYRAMID (see fi&- 1 PYRAMID '> . This model is written as: 

(DEFPROP PYRAMID 

((A* (NEIGHBOR B*) 

(SHAPE TRIANGLE)') 
(B* (NEIGHBOR A+) 

(SHAPE TRIANGLE))) REGIONS) 



but also see figure TrftAMl 1 



12. 



FIG. 'FYRAMID 

The followirtg examples of models will show in general how to bniid or 

define models* 

(PUTPEDP (QUOTE CYLINDER) 

(QUOTE ((A* (NEIGHBOR E*) (SHAPE ELLIPSE)) (B* (NEIGHBOR A*) 

. (SHAPE (i C I D)))» 

(QUOTE REGI0H5)) 



FlG + * CYLINDER' A Model. 

Remark: Note how we describe B* n s shape as 

(SHAPE C I C ID)), i.e., as (straight ^ c-rmvex b straight, concavu) . 

(DEFPROP HOLLQWCYLIKDER 

(<A* (NEIGHBOR B*) (SHAPE ELLIPSE) ) 
<E* (NEIGHBOR A*) (NEIGHBOR C*) (SHAPE (ELLIPSE INSIDE ELLIFSE)) ) 
(C* (NEIGHBOR B*) (SHAPE (1 C I D)) ) ) REGIONS) 



FIG. 'UOLLOWCYLlHDEfc 1 * 
A Made}. 
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(PUTFROF (01J0TE CUBE) (Q130TE) 
C(C* (NEIGHBOR E*0 

(NEIGHBOR D*3 

(5RAFE PARALLELOGRAM)) 
CD* {NEIGHBOR C") 

[NEIGHBOR E*) 

f SHAPE PARALLELOGRAM] 3 
(E* (NEIGHBOR B*) 

(NEIGHBOR C* 1 (SHAPE PARALLELOGRAM) ) 
(OUOTE REGIONS)) 



)> 



FIG. 'CUBE' A Model. 

It is really a parallelepiped , 



{DEFFROF HOLLOVBRICK) 

(CD* (NEIGHBOR E*) (NEIGHBOR F*> (HEIGHSOft G*) (HEIGHBOR H*) 
(SHAPE (PARALLELOGRAM INSIDE PARALlELOGKAM) ) ) 
(NEIGHBOR U*J (NEIGHBOR F*} (SHAPE TRAFEZ) ) 
(NEIGHBOR D*} (SHAPE TRAFEZ) ) 
(NEIGHBOR H+) (SHAPE PARALLELOGRAM)) 
(NEIGHBOR G*> (SHAPE PARALLELOGRAM)) ) 



(E* 
CF* 
(C* 
(H* 



(HEIGREOR E*) 
(HEIGHEOR D*) 
(NEIGHBOR D*) 



REGIONS) 




FIG. 'HOLLOUIRICKL' 
A Hadel, 
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THE RESULTS 



We Will present now several examples of scenes analysed by DT b the 
pro era*, in Che PCP-6 computer. The symbol # mark* Cbe lines typed 
by the user. 

Bring the CGBVERT prc-ieisor 
froi tape 4, 

Load the file containing DT, 
the recogniser. 

firing the scene EX2 into 
mejaory* (see fig. r EX.2: ' > . 

(IOC V) Load the models* 






CONV k 


J 


(UREAD DT LTSF 5 t-Q +W) 


* 


<LTREAD EX2 LISP tQ ttf} 


=' 


(UREAD MQD2 LIEF -tQ -tW) 



leek for 'CUBES' ifl'EXZ" 
(See fig. 'EX2'). 
2 cubes aire found. 



(DT (QUOTE CUBE) (QUOTE EX2)) 
(CUBE 1. IE (A & C)> 
(CUBE 2, IS (J L M» 
(DEFGHIKHOPqttSTUVWKYJ) Remaining of scene, 

(DT (QUOTE CYLINDER) (QUOTE EX2)) Look for cylinder s (see fig. 

(CYLINDER 1, IS (E D)) 'CYLITOW), 

(CYLINDER 2, Is (G F)) 

(A I C H I J K I M H P q K H U V H H I!) *-r eaL&inina of scene, 

(DT (QUDTK H01.1.0UCYLIHDEJL} (QUOTE EI2)) 
(HOLLOWCYLINBER 1. IS (TUS)) 
(ABCDEFGHIJKLHHOPQRVtfXTE) 

(DT (QUOTE HQLLOWBRIflt) (QUOTE EEZ)) 
(HOLLOWBRTCK 1. TS (IT F Q R) ) 
(AECDEFGHrJKLXSTUVWXYa) 



■*-see fig. T HQLLQWBRLCK' 



Since we axe tiT-cd to write 'qOOTP 1 t we define DD: 
(DEFFROF DD (LAMBDA (A) (Pt (CAft h) (CADK A>>> FEXFR) 



UiJ 



(DD HOLLGUBRICK EX2) 
(HOLLOWERICK 1. is (H P Q R)) 

{ABCDEFGHIJKLHSTUVWXYZ) 



Compare with above , 



Good. Let us see sootethin^ 

else. 









Ftg r T FIGI' - A Stfcne 
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How wt begin to examin* the scene FIG1 (aee fig. 'FIG1 1 ). 
In this figure we are going to loot for the presence of the following 
objects: CUBEs* CYLINDERS + PYRAMIDS, HOLLOWCYLINDERs » HQLLOWBSICKs t 
(Sec figures corresponding to thoeO model*) - 



# 4$ 

$ CONV 4 

# fUKEAD EJt^ LISP 5) 

$ +Q 

FIQ1 



Out of TEOO 

Go to CONVERT 
Load scene 



E 

* ttft-V CUREAD DT LIEF) 

5 

9 ;■:■ 

EQUAL* 

PRItffT (UREAD EX3 LISP] 
5 

tq 

(ill 

* CCA* *WtV 

* (DT (QUOTE CUBE) (QUOTE FIG1)) 

(CUBE 1 IS (A B C>> 
(CU&E 2 IS (J K L» 

(D E F G H 1 H N f Z) 

* (DT CQUOTE PYRAMID > {QUOTE FIG1>) 
(PYRAMID 1 15 (F G)) 

(PYRAMID 2 15 (H I)) 

(A B CDEJK1MNOPZ) 

* (DT (QUOTE CYLINDER) (QUOTE FIG1)) 
(CYLINDER 1 IS (D E> > 
(ARCFGHIJKLMHOPZ) 

* (DT (QUOTE HOLLOHCYLIMDER) [QUOTE FIGl)) 
(ABCDEFGHIJKLM1T0FZ) 



COT (QUOTE HQLLOWERICK) (QUOTE FIGl)) 

(A B C D E F G II IJ K L H H M) 



Load program (rwcognirer) 



Load models 



Look for CUBEs in FIC-1. 



# 1$ 



2 pyramids are found < 
(flM also fig. 'PYRAMID'}* 



Cylinder D E is located. 



Fo hoi love ylindtrs are 
present n 

DT could not find any HOLLOUERICK 
(aee fl$, r H0LL0WERICK.') In scene 
FIOl (see fi§, 'FX&1')« 

C-c back to MACDMP and tape L. 



This page is 
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Wft analyze now FIG2 {see fig. 'FIG2'). 

f (UD PYRAMID FIG2) Looking for PYRAMIDS 

(PYRAMID 1 ia t L «» (B68 " del ±n fiE " F ™™'> 

(PYRAMID 2 is (X Y)) 

{A B C D E F C H I J U T d U T U V U Z) 

Note that pyramid LHDii tlOt rep&rted S3 such, hut only L M 1b 
reported or t ecogni £ed h Why Is this? Because the model 'PYRAMID' 
(see fig. 'PYRAMID'} is composed of two triangles. Also, it is in 
the nature of our algorithm that L M prevents recognizing M N. 
In order to get L H N» we define PYKAM1 as a pyramid which has 
three visible triangular fates; 

I (DEFPRQP PYBtAMl 

IP ((A* (NEIGHBOR B+) (SHAPE TRIANGLE)) 

t (B* (NEIGHBOR A*) (NEIGHBOR C*) (5]1AF& TRlAKCLE)) 

t (C* (NEIGHBOR B*> (SHAPE TRIAHGLE) ) ) REGIONS) 

FYfcAMl 

See fig, 'PYRAM1 T . 

Nov we apply this model to scene FIG2: 

* <DD PYRAM1 FIG2) 

(PYRAM1 1 IS (L M N)) Aja, Only 1 Is found . Corree t 

(ABCDEFGRIJKOPQRSTUVWXTZ,) (only one pyramid with three 

vislhle faces ia present in 

FIG2) 
What we really Want is to define a pyramid aa something which 
shows either two or three triangular faces; so* 

4 (DEFPRQP FYR (OR PYRAMID PYRAH1) REGIONS) 

PYR -- the last model, FYRAHl in 

this c a se j is- searched f 1 r s i - - 



Note the use of the OR in a model. 

At this moruent, PYR is a model which standa for either 



$ «<£> 
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$ (DD PYE FIG2) 

[FYRAMI is (LH)] 

fpvn4*im l 11 r< ni Qo(?,i ' 2 objects ware found 

CAHCDEFCHIJKOPqRSTUVWZ) AMD (X Y) . (see fig. 1 FTC2 1 ) 
What would have happened if we define FYR in the reverse order? 
Let ua define 

# (DEFPROP PYR (OR PYRAML PYRAMID) REGIONS)) 
FYR 

The last model in OR list. PYRAMID in this case* is searched first* 
The answer is : 

f (DD PYR FTG2) 

(PYRAMID 1 IB (L K) ) ^ objecta ^^ ^ 

{.PYRAMID 2 IE (X T) ) PYRAMID: <X Y) and £L M) ; 

j, „„„„„„„, , ,,. „ ^ « ™ ^ ■» n ii n tt t\ after this, no object was 

CDncluBlom Order in the models is Important, so long as we 
leave things to the normal CONVERT matching algorithms 

* m m FH3) FIG3 ia „ ^ Metie+ 

Kir. 

# (DD CYLINDER FIG2> 

(A B D B B F S H IJ E I M H F q R S 1 U V V H i) Ho cylinders ► 

Cylinder P 
is partially 
£ (DP CUBE FIC2> occulted, so is 

(CUBE 1 IS (I J K)) FIG2 contain* DOt ' 

(ABCDEF&HLMHOPQRSTUV W^BV^J** 

# (DD ANGLE FIG2) 

(ANGLE. Hi PARC)) 
(EFGHIJKLMNOrQRSTUVWXYZ) 

Angle is a model described in the next page {see fig* 'AWIE 1 ). 

Angle Q V R T II was not found becauae has a different fom (ita 
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two- diMec atonal projection has a different topology from m&del 
'ANGLE 1 ; namely has 5 faces or regions and oodel 'ANGLE' has only 

*)♦ 

Angle EFGII was not found because it is partially occulted. 

tf (DD SPHERE FTG2) 

(SPHERE 1 is <S)> Two spheres in FIC2. 

(SPHERE 2 Is (tf)) 

(A&CbEFGHlJKLHNOEQRTUVXYS) 

W ?? This is a surprisa! Lt't ua see what kind of region W is: 

# (GET (QUOTE W) (QUOTE NEIGHBOR)) 

MIL 

$ (GET (QUOTE W) (QUOTE EHAFE)) 

NIL 

AjaJ H has no neighbors > and has no ahape. Why doea- it match 

(SHAPE CIRCLE) 1 (see fig. P FIG2'). There is no region named U. 

Thia was an error in the data; inscead of 

(DEFPRDP FTG2 (U C D E K H IJ H H H ? d U T U V W H Z) REGIOHS> 

we a-hould have said: 

(DEFPHOP FIG2 (AECDEFGHIJKLHHOFQRSTDVRVZ) REGIONS) 

(DEFPROP ANGLE 

((A* (NEIGHBOR B*> (SHAPE FUHHY)) 

<B* (NEIGHBOR A*) (NEIGHBOR C*) (NEIGHBOR D*) (SHAPE ELE)) 

(C* (NEIGHBOR B*> (NEIGHBOR D*) (SHAPE PARALLELOGRAM)) 

(D+ (NEIGHBOR B*) (NEIGHBOR C*) ( SHAPE PARALLELOGRAM)) ) 
REGIONS) 
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THE PROGRAM 

The results just presented were obtained in the PDP-G computer, using 

(7) 
th* CONVERT processor, This last is imbebbed in LISP. 

DT is the main function^ it bias two arguments: the scene and the model. 

DT handles the (OR ,,,) feature, constructs a CONVERT pattern f toq 

the given model And talis to the CONVERT processor to deal with it. DT, 

therefore, works much in the way of a compiler, transforming a MODEL 

into a PATTERN; in this form, we avoid the double scanning that would 

originate if we loot at the model in order to understand what does it 

require, then look at the scene to try to meet the requirements once 

done this, cone back to the model to see what else is necessary; go 

again to the scene to look for that feature etc. 

(9) 
There Js a marked similarity between DT and TD , and the reader 

(■;•'■' 
ia referred to the report on TD, which Calks in detail the way the 

generated pattern drives the match and the search. See also appendix. 

The program 1st 

(DEFPROP DT (LAMBDA (MODEL SCENE) (CQND 

((AND (OOND ((ATOM SCENE) (5 ETC? SCENE 

(GET SCENE (QUOTE REGIONS} )» (T NIL) ) MIL) MEL) 

((AND 

(ATOM MODEL) (5ETQ W MODEL) 

(NULL (SETQ MODEL (GET MODEL (QUOTE BEGTONS)))) ) SCENE) 

((EQ (CAR MODEL) (QUOTE OR)) (COND (NULL (CDR MODEL)) SCENE) 

(T (DT (CADR MODEL) (DT (CONS (CAR MODEL) (CDDR MODEL)) SCENE))) 

))UDEFPE0P MU <D) ?ROEXP) 

(CONVERT (APPEND ( PREPARE MODEL) 

(QU (\C PAT (EV (CONSTRUCT MODEL)) 

MODEL EXPR (EV W) 

SCENE 

ECTR 

(EV SCENE )>) 
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(QUOTE < \X UAR NIL 

USED BUY == 

HUM SKEL (-SETQ- KIM («IKCF= NU)))>) 

NIL 

SCEHE 

(QUOTE (Cl (( C (-PRtfC- K1L 

(-FRBT- (MOPEL NUM 15 USED)) 

{•SEEL* SCEHE 
EXPK 

(-COMPi* SCEHE USED) 
(-KETN- (-REPT= SCENE Cl) 

» ))))))))) 

EXPR) 

The dictionary M r>£ CONVERT It Increased with (PREPARE A> * where A is 

Che model. A pattern la generated from, the model with the help of 

(CONSTRUCT A,), and then is baptized with the name /C< 

The 4th argument of CONVERT consists only of Oil* set of rules, 

CI, With only One rule which Bay a : 
[/C HPR0G- () 

(-PRNT- (MODEL KIM IS USED)) 
(-SKEL- SCEKE EKPR <-=COMP= SCENE USED) 
(-KETN* <*REPT« SCEHE Cl)) ))] 

"If a match is found between the scene and /C (/C Is the generatf-d 

pattern) h print "(MODEL NUM IS USED) ' T for instance, (CUBE 5 15 (ABC)); 

reblnd SCEHE CO the reaaininj of the SCENE — the complement of SCENE 

and (A B C) — ; atid repite over this again. 11 The *PROG=ram feature is 

explained in fs] ■ 

Wt will see tWW the auxiliary functions. 
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(PREPARE A) 

(DEFPROP PREPARE (LAMBDA (A) 
(COND ((NULL A)NTL) 

(T (CONS (CAAR A) 

(COHS (QUOTE PAV) 

(CONS (CONS (QUOTE =AND=} 

(MAPCAR (FUNCTION (LAMBDA (U) 

(qu (-JtEC- 
(COMPARE (EV (APPEND U (LIST (LIST (QUOTE -QUDT-) (CADR U>»>) 
-SAME- )))) (CHAR A))) 

(PREPARE (CD* A))))))))EXFR) 

Explanation.-- If 

MODEL = ( (A* (NEIGHBOR B*) (NEIGHBOR C*) (SHAPE TRIANGLE)) 
(B* ( , , . > ( ... > ( ... )) 

r r r r r r J 

then 

(PREPARE A) - (A* PAV (=AHD- (-XEC- COttfA&E (KEI0H3GR. E* <=qUQT=B*>) -SAME-) 

(-XEC- COMPARE (NEIGHBOR C* (-QUOT-C*)) -SAME-) 
(-XEO COMPARE (SHAPE TRIANGLE (-QUOT- TRIANGLE)) 

-SAME-)) 
B* PAT (=AND= (=XEt> . ,.} (-KEC- ♦ ♦♦)) 

) 
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(DEFPROP EQUAL "(LAMBDA (A B} (OR (MULL E) (EQUAL A Bj> > ESPR) 

(CONSTRUCT A) 

(DEFPROP CONSTRUCT (LAMBDA (A) 
(LIST (QUOTE -UNO- 

(NCOKC (MAPCAR. (FUNCTION (LAMBDA (Ej (QU (-AND- (EV (CAR B))USED))))A) 
(QUOTE {===)»)) EXFR) 

(CONSTRUCT MODEL}- f-OTO- ( f =AHD= A* USED) (-AND- B* CSED) (-AND- C* USED)===)) 

(COMPARE A B> 

A has the form (NEICRBOR 3* (-QUOT* E*)) 

OR (SHAPE TRIANGLE (-QUOT- TBI ANGLE) ) 

B has tht foTm DS 

OR N (is thft flame (?£ 3 region of the scene) . 
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(DEFPRQP COMPARE (LAMBDA (A B) 

(COMB ((BQ (CAR A) (qUOTE NEIGHBOR)) (OR (EQ (CADR A)(CADDR A)) 

(MEMBER (CADR A) (GET E(CAR A.})))) 
(T (EQUAL* (CADR A) (GET B (CAR A)))))) EXPR) 

fT if (cadr A] « (caddr A) — region not yet found- 

Lf <■« A) - NEIGHSO* ^^^ ft „ (cadr A , {11M of ne±ghbo „ „ f „ 

[T otherwise 
Value Lei 



ft if B is empty 
jtherwise ^jqmij A B} otherw±se 

(qu A) 

QU quotes its argument, quotes all the elements of Its arg™ent, 
except those which have (EV . .) In front of lt T For instance^ if 
A - 35, E - 36, then 

(QU (A E E (EV B) O f{ C A M T E S)) (( A (EV A) C (IV A) )) 59 )) i» 
(ABB 36 () ((CAStOTEE)) ([A 35 C 35 >) 59 )) . 

(DEFPftOF QU (LAMBDA (A L) 

(CQHT> ((ATOM (CAR A)) (CAR A)) 

(CBQ (CAAR A3 (QCOTE EV>>(EVAL (CADAR A)L)) 
(T (HAFCAR (FUNCTION (LAMBDA (K) 

(EVAL (LIST (QUOTE QU) 

(CAR A»») X))) 

FEXPR) 

Those are all the functions ve need. 
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APPENDIX 

TOOEDEEtED FATTENS IN CONVERT 
A UNO (PI F2 . . .En) A is an atom Cnot a fragment) in the 

mode UNO; the A. are patterns 
(expressions, net f ragnenta) . 

A Hill match vith an expression E if at least one at the patterns F matches- 

vith such &ii E. That bein$ the cas& t the successful pattern is removed from 

the associated expression in the dictionary and this entry in the dictionary 

beccraea 

A UNO <Fl F2 ,,F_ . P.,. _ . 

1-1 l+i . . . Pn) 

Therefore,, if several A r s occur In a pattern, each one represents a different 

Pi to be matched* 

Example; If A I* defined in the dictionary as A L"NO (1 4 2), thftn a pattern 

auch aa (K A M. A A) will match : (K O 12} 

and (K I H 2 4) 

and (U H W) 

Hill net match (K 1 H 1 2) 

or (K LH4 3) 

or (K 4 1 2 M) 

and the pattern (A A A A) will not match anything,* sine* A has only 3 

patterns available in the associated expression (In the dictionary) , and 

(A A A A) requires 4. 

Compare with "OR." 

pattern 

[Tls (K A M A A7[ 

expression dictionary 

is L . . A tnra (1 4 Z) A PAT (»DR* 14 2) 



/ 



(K 4 H 1 2) 

(K 1 M 2 4) 
(I1H12) 
(K 1 M 1 2) 

(R 1 H U} 

(n h i i) 
(n h ; 4 J) 



Is a match 


obtained? 


"5 


3 


match obtained? 


yes 








yes 


yea 








yes 


yes 








yes 


no 








yes 


TT-,5 








no 


no 








y CS 


10 








CIC- 
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(=USO= (PL ?i ... I'n )) The F are (expreaaion) patterns. 

This pattern wiLL match a List E having n elements if there exists a 



permutation of (Pi F2 



Pn) which matches E. 



(-UNO* (Fl P2 



Pn ==->) 



The P^ (I - l f 2 t ... r a) are (expression) 
pat tenia. Tha la&t p ± s the symbol ■ 
This pattern will match a list E having m n elements, if E conttfiny 
n elemGnta e^, a^, , L „ e such. that a permutation of (FL F2 ... Pn.) matches 

(e l e 2 ■"**>♦ 

EKBnpler (-UNO- (14 5)) vill match (1 J 5J, (5 4 1), but not (14 4), 
(5 1 1), (I 4 6), (1 * 5 5). 



expression 


pattern K 




(-UNO- (1 4 5)) 


(HUH)- (1 4 S =)> 




Ik a match obtained? 


■ ia a match obtained? 


a 4 5j 


yes 


yea 


(5 4 1) 


yes 


yes 


tt 4 4) 


no 


110 


(5 1 1} 


no 


no 


(1 4 6J 


no 


tie 


(14 5 5) 


no 


yes 


(4 18!) 


no 


yes 


(12 3 4) 


no 


no 


U 2 3 4 5) 


no 


yes 


(A B C> 


no 


no 



Note that in £=UNQ- L) f L 1b a list whose elements are considered to be 

patterns (expressions) to he matched against the element a of E, which is 

assumed to be a list* Therefore, a pattern like (-UNO- (=AHD= AH)) 

will natch with a list having the 4 a Corns =AND- 3 A, E and C in any order 

<we are: aasuming an empty dictionary); in other words f (=AND= ABC), and 

for this case any ether similar list, is not interpreted as a pattern by =UNO-. 
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(■UKCh* L) interprets its argument L as a list of patters (without 
A Her ) ■ The only exception is the following] 

(=UNO- (=GEN- S)) S it a skeleton. 

(*CEW- &) produces, a replacement 
on it, and the result h assumed to ha a list, is treated as an 
unordered pattern* which may or may not have the === at the end. 
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EXAMPLES OF UNORDERED PATTERNS, 



MIL mftans failure (no match) ; 

Something else (the diet ionary) means a match did -occur, 

start 
V 2130,0 

resemble! ( -udfl* <a b c)) (* * *) (a b c)) 

reseniblcf (=uno- [a b c (^"una^ (1 2 3}) d e)) (+ * *) (d e (1 3 2) b a c)) 

r<-:j<.-m->J<-{ i=:-Tio- fa b ::K' (* =* *.) (a Li c d I ; 
MIL 

resemble ( (=u.no= (=a to= =num= =nuai=) ) (***} (14 a)) 
(* + *) 

resemble ( (=uno- fx y z)) (x. pav -num- y p&v -3 to- z uar ()) ( (a) 3 ia)) 
(Z VAR (A) Y VAR M V PAT -ATO- VAK M HAR H FAT -NUH- 
X VAR 3 X PAV -NUX- T PAV -ATO- Z UAR NIL) 

resemble* (-una- U b c -**)) (* * *) (12 U 4 J 5 5 c ?)) 
(* * +) 

resemble{ (-una- (ft b c —J) (* * *) (12 j 3 b 4 j J 5 t 6 S H l)) 
NIL 

resemble* (a a a) (ft WP (1 2 3)) (12 3}) 
(A UNO NIL A UNO (3) A UNO (2 3) A L-HO (1 2 J)) 

resemble* (a a b a) <a use (1 2 3)) (2 J lj 1>) 
(A UNO NIL A UNO {1) A UNO (1 3) A UNO (1 2 3)> 

resemble f (a a a a) (a una (1 Z 3)) (13 2 1>> 
NIL 

reeemble( (a a a a) (a una (12 3)) (12 3>) 

NIL 

regefflble( (b a 3 $.} (a vnu (1 2 -atd~) > (b 2 4 1)) 
(A UNO NIL A UNO (1) A UNO (1 *ATC-} A [FNO (1 2 -ATO-)) 
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resemble* (a a a a) (a uno (12 3)) (12 3 1>) 
NIL 

resemble* (a a a a) (a pat (=ov= 12 3)) (123 1>) 
(A FAT (-DR- 1 2 3)) 

resemble ((aba) (a uao (1 2)) (2 b l)) 
(A UNO NIL A. UNO {1) A UBO (1 2)) 

resfcmblc{ (a b a) (a uno (1 2)) (b 2 a)) 
NIL 

reaemble ( (=uin:D- {"a b a)) <a pat t-or= 1 2>> (2 b 1>> 
(A PAT <*0R- 12)) 

reaenble( (-utic- (a b a)) (a pat (=or= 12)) (b 2 a)) 
KLL 

Taaeable ( (-uti&» (aba)) (a pat [=oi= 12)) (b 2 1)> 
(A PAT (-OR- I 2>) 

xeaemble ( (a b n> (a un* (1 2)) [b 2 1)) 
NIL 



